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Background. The importance of human immunodeficiency virus (HIV) blip magnitude on virologic rebound has been raised in clinical guidelines relating to viral load assays.
Methods. Antiretroviral-naive individuals initiating combination antiretroviral therapy (cART) after 1 January 2000 and achieving virologic suppression were studied. Negative binomial models were used to identify blip correlates. Recurrent event models were used to determine the association between blips and rebound by incorporating multiple periods of virologic suppression per individual.
Results. 3550 participants (82% male; median age, 40 years) were included. In a multivariable negative binomial regression model, the Amplicor assay was associated with a lower blip rate than branched DNA (rate ratio, 0.69; P , .01), controlling for age, sex, region, baseline HIV-1 RNA and CD4 count, AIDS-defining illnesses, year of cART initiation, cART type, and HIV-1 RNA testing frequency. In a multivariable recurrent event model controlling for age, sex, intravenous drug use, cART start year, cART type, assay type, and HIV-1 RNA testing frequency, blips of 500-999 copies/mL were associated with virologic rebound (hazard ratio, 2.70; P 5 .002), whereas blips of 50-499 were not.
Conclusions. HIV-1 RNA assay was an important determinant of blip rates and should be considered in clinical guidelines. Blips $500 copies/mL were associated with increased rebound risk.
Significant reductions in morbidity and mortality have been achieved in human immunodeficiency virus type 1 (HIV-1)-infected individuals since the advent of combination antiretroviral therapy (cART) [1, 2] . The goal of treatment of HIV-1-infected individuals has been suppression of viral load (measured as HIV-1 RNA) to levels below assay limits [3, 4] , although this has been reassessed in recent treatment guidelines by the Department of Health and Human Services (DHHS) [3] . This is in part owing to the fact that in some cases, patients achieving virologic suppression experience intermittent increases in their plasma HIV-1 RNA, referred to as ''blips'' [5] [6] [7] [8] . Though the exact nature and etiology of blips is uncertain, hypotheses have been put forward to explain them, namely, the occurrence of HIV replication bursts from either stable reservoirs [9] and/or ongoing cycles of replication [10] . Additionally, some evidence points to contributions from random biological fluctuation, random statistical variation, or methodological laboratory issues [11] [12] [13] [14] . Finally, it has been previously noted that HIV-1 RNA assay variability is higher at lower HIV-1 RNA levels [15] , which may also be a contributing factor to blips.
The published literature is conflicting with regard to whether virologic blips predict adverse clinical outcomes such as virologic failure or rebound (Table 1) . Although most studies have found no relationship between isolated blips and virologic failure [5, 7, [16] [17] [18] [19] [20] [21] , others have reported an association between blips and an increased risk of subsequent virologic failure (Table  1) [6, [22] [23] [24] . Part of the discrepancy in findings is due to inconsistencies in definitions of blips and virologic failure and differences in testing methods [25] . As was recently reported in persistent low-level HIV viremia, links between blips and the development of resistant genotypes [22, [26] [27] [28] have been described. Links have also been described between blips and a dampened CD4
1 cell count rise [18, 22] . The effect of the magnitude of a virologic blip on the occurrence of virologic rebound has been examined previously [17, 21, 23] , with 2 of these studies noting that blips of higher magnitude increased the likelihood of virologic rebound [21, 23] . In addition, whereas recurrent event methodology has been used to study predictors of virologic failure [29, 30] , to our knowledge, no studies have used this technique to examine the influence of blips on subsequent virologic failure. Recurrent event methodology allows the inclusion of multiple periods of suppression from each individual in the analysis, yielding increased statistical power. Last, since most of the literature on the consequences of virologic blips is from the early cART era, it is important to examine the consequences of blips among patients on modern cART therapy. The purposes of this study were to determine correlates of rates of virologic blips with particular focus on associations with the HIV-1 RNA assay used and to examine the association of an HIV viral blip with virologic rebound. Viral blips were categorized by magnitude: 50-199 copies/mL, 200-499 copies/mL, and 500-999 copies/mL.
METHODS

Study Design and Cohort Description
This was a retrospective, observational cohort study using information collected through the Canadian Observational Cohort (CANOC) collaboration [31] . CANOC is a collaboration of 8 HIV cohort studies from Ontario, Quebec, and British Columbia. Eligibility criteria for inclusion into CANOC include documented HIV infection, residence in Canada, minimum age of 18 years, initiation of a first antiretroviral regimen comprised of a minimum of 3 individual agents after 1 January 2000, and at least 1 measurement of HIV-1 RNA and
CD4
1 cell count within 6 months prior to cART initiation.
Patient selection and data extraction are performed at the data centers of the participating cohort studies. Nonnominal demographic, laboratory, and clinical data from each cohort are then pooled at the Project Data Centre in Vancouver, British Columbia. All participating cohorts have received approval from their institutional ethics boards to contribute nonnominal, patientspecific data. Ownership of individual cohort data remains with the contributing cohort, and cohort data can only be used for studies approved by the CANOC Steering Committee.
Statistical Methods
For participants to be eligible for inclusion in the present analysis, they must have achieved virologic suppression as defined by an HIV-1 RNA value of ,50 copies/mL on 2 consecutive occasions at least 30 days apart. An HIV-1 viral blip was defined as an HIV-1 RNA value of 50-999 copies/mL preceded and followed by another value below assay limits (,50 copies/mL). The limit of 999 copies/mL was introduced to reduce the effect of large periods of nonadherence. Two or more HIV-1 RNA values meeting the definition of a blip occurring within the same 30-day period were considered to be part of the same blip episode [8, 32, 33] .
Rates of blips per year were calculated for each person by dividing the number of blips during the study period by the number of years of follow-up for that person. Negative binomial regression models were used to measure the effects of HIV-1 RNA assay type on rates of blips per person-year of follow-up after adjusting for other covariates.
Virologic rebound was defined as either an HIV-1 RNA value $50 copies/mL at 2 consecutive visits at least 30 days apart or an HIV-1 RNA value $1000 copies/mL. Within each period of virologic suppression, time to rebound was calculated as the time from the date of virologic suppression to the date of virologic rebound. When there was no viral rebound after achieving virologic suppression, the participant was censored at the last HIV-1 RNA measurement. Multiple periods of virologic suppression were included in the analysis for each participant. Gap-time recurrent event models [34] , which allowed multiple periods of virologic suppression per person to be included in the analysis, were used to estimate the effect of a blip on the hazard of an HIV-1 RNA rebound after adjusting for other covariates. Time-dependent covariates were used to model the effects of virologic blips on the hazard of virologic rebound. The time-dependent blip was defined and categorized to the corresponding levels based on the HIV-1 RNA in the test. If a blip occurred at consecutive tests (within 30 days), the higher HIV-1 RNA level was used. The association of the magnitude of a blip with subsequent virologic rebound was investigated by including a categorical variable for blip magnitude in the recurrent event model of time to virologic rebound. In the model, the covariate ''number of HIV-1 RNA tests per year'' was defined as the yearly rate of HIV-1 RNA tests for a patient from his or her first virologic suppression to the last follow-up. Univariate negative binomial regression models were used to assess the relative risks (with 95% confidence intervals) for predictors of the primary outcomednumber of blips per yeardadjusted by HIV-1 RNA testing frequency. The variables that were a priori believed to be related to the number of blips, and those variables that were significant at P , .20 in the univariate analyses, were candidates for inclusion in the final multivariable negative binomial regression models. The same algorithm was applied to the analysis of recurrent events.
RESULTS
Study Population
A total of 4560 individuals were enrolled in CANOC as of 5 January 2009, and 3550 participants achieved virologic suppression and were included in the analysis. The median duration of follow-up was 2. Table 2 .
Correlates of Viral Blips
Seven hundred fifty-six of the 3550 participants (21%) had $1 blips during the study period. The overall rate of blips was 0.11 per year of follow-up. Eight hundred seventy-four (85%) of the virologic blips were between 50 and 199 copies/mL, 71 (7%) were between 200 and 349 copies/mL, 38 (4%) were between 350 and 499 copies/mL, and 40 (4%) were between 500 and 999 copies/mL. The largest blip for 717 participants was between 50 and 499 copies/mL, whereas 39 participants experienced a blip between 500 and 999 copies/mL. Results of univariate negative binomial models are shown in Table 3 . Patients whose HIV-1 RNA was measured with the ultrasensitive Amplicor assay were approximately half as likely to experience blips. Lower rates of blips were also associated with a higher CD4 count at cART initiation and lower rates of HIV-1 RNA testing. Higher rates of blips were associated with Ontario residence (which coincides with use of the bDNA assay), boosted protease inhibitor-based regimens, an HIV risk factor of men who have sex with men, higher HIV-1 RNA at cART initiation, and an AIDS-defining illness at cART initiation.
In the multivariable negative binomial model (Table 3) , the ultrasensitive Amplicor assay remained associated with lower rates of blips, after adjusting for region, age, sex, type of cART regimen, year of cART initiation, rate of HIV-1 RNA measurement and CD4 count, HIV-1 RNA, and AIDS-defining illness at cART initiation.
Correlates of Virologic Rebound
A total of 919 (26%) participants had a virologic rebound during the study period: 771 had 1 rebound, 128 had 2 rebounds, 17 had 3 rebounds, and 3 had 4 rebounds. Of the total 1090 periods of virologic rebound, 923 included an HIV-1 RNA level of $1000 copies/mL, and 167 periods included at least 2 consecutive HIV-1 RNA measurements of $50 copies/mL but no HIV-1 RNA measurements of $1000 copies/mL. Only 14% of the virologic rebounds were preceded by a virologic blip. In the univariate recurrent event model of time to virologic rebound (Table 4) , a virologic blip $500 copies/mL was associated with an increased hazard ratio of rebound, whereas blips of 50-199 and 200-499 copies/mL were not. Covariates that were associated with increased rates of virologic rebound included measurement with the ultrasensitive Amplicor assay, an HIV risk factor of injection drug use, and earlier year of cART initiation. Male sex, older age, and less frequent HIV-1 RNA testing were associated with decreased rates of virologic rebound.
In the multivariable recurrent event model of time to virologic rebound (Table 4) , a virologic blip $500 copies/mL remained associated with an increased hazard ratio of rebound after adjusting for assay type, age, sex, an HIV risk factor of injection drug use, year of cART initiation, type of cART regimen, and rate of HIV-1 RNA testing.
DISCUSSION
In this study of HIV-infected individuals who had achieved virologic suppression on their first cART regimen, virologic blips were relatively common but were less likely when HIV-1 RNA was measured with the ultrasensitive Amplicor assay than with the bDNA assay. Virologic blips of 500-999 copies/mL were associated with subsequent virologic failure, which was defined as either confirmed virologic rebound $50 copies/mL or a single HIV-1 RNA value $1000 copies/mL. Virologic blips ,500 copies/mL were not associated with an increased risk of virologic failure.
Our finding that lower rates of blips were recorded with the ultrasensitive Amplicor assay than with the bDNA assay suggests that the specific assay used needs to be considered when interpreting blips. As newer real-time polymerase chain reaction HIV-1 RNA assays become available, clinicians, patients, and researchers will have to be mindful that blips with a new assay may not have the same interpretation as those with the previous assay. The relationship of HIV-1 RNA assay to the frequency of virologic blips has been examined in prior studies with the finding that the adoption of a newer assay with a lower limit of detection typically leads to increased blip rates [13, 14] . Reflecting this, the most recent DHHS guidelines have recommended a new cutoff for virologic failure of $200 copies/mL HIV-1 RNA [3] . Though our study found a significant association between blips of 500-999 copies/mL HIV-1 RNA using the more conservative definition of virologic failure of $50 copies/mL HIV-1 RNA, we also ran the same analyses (not shown) using a definition of virologic failure of $200 copies/mL and found the same association. Additional results presented in this study provide important information on other correlates of blips. The strong influence of baseline parameters associated with reduced HIV disease progression (eg, high CD4 count, low HIV-1 RNA) on rates of blips suggests that blips represent biological phenomena rather than random fluctuation. It is possible that blips reflect the degree that a given individual has an HIV-1 RNA consistently close to the 50-copy limit of detection of the assay used.
In the current literature examining the consequences of virologic blips, there is little uniformity with regard to definitions of blips and virologic failure, study populations, duration of follow-up, cART regimens, and the HIV-1 RNA assay used. The lack of consistency in definitions makes comparisons of results problematic. Our results showing that blips ,500 copies/mL were not associated with subsequent virologic rebound agree with a number of studies in the literature that have not found a relationship between blips and subsequent virologic failure [5, 7, [16] [17] [18] [19] [20] . It should be noted, however, that most previous studies used a higher HIV-1 RNA threshold to define virologic failure and only 1 other study considered 2 consecutive HIV-1 RNA values $50 copies/mL to be virologic failure [20] . Our findings that blips of higher magnitude are associated with later virologic rebound agree with 3 studies that used a blip definition with a lower HIV-1 RNA limit of $400 copies/mL and found an association between the occurrence of blips and virologic failure [22] [23] [24] . Our results that the risk of virologic failure was only increased for blips $500 copies/mL, with no gradation of risk for blips ,500 copies/mL were in contrast to those of GarciaGasco et al [21] , who demonstrated an increasing risk of virologic failure in magnitudes of blips ,500 copies/mL and in contrast to those of Raboud et al [17] , who did not document an increase in rate of virologic failure with increasing blip magnitude. Our results are in agreement with those of Moore et al [23] , who documented higher rates of virologic failure in individuals with blips . 400 copies/mL than in those with blips # 400 copies/ml.
Boosted protease inhibitor use was associated with increased rates of virologic blips, likely because regimens in this class tend to be prescribed to individuals who have more advanced disease or who have trouble with adherence.
It is possible that the association of male sex with lower risk of virologic failure is due in part to women taking antiretroviral therapy (ART) for the prevention of mother-to-child transmission of HIV and who experience virologic rebound when they stop ART upon childbirth. Although explicit pregnancy data were not available for the CANOC cohort, we conducted a sensitivity analysis, assuming that women whose ART regimen contained zidovudine and lasted ,1 year and who had a CD4 count $350 cells/lL at therapy initiation had been taking ART solely for the prevention of mother-to-child transmission of HIV. Twenty-nine women met this criterion. When these women were excluded from the analysis, the results were unchanged.
Strengths of our study include its large sample size and clinical follow-up spanning 10 years, which allowed us to investigate temporal trends in rates of blips and virologic rebound among individuals on modern cART. The use of recurrent event methodology, including multiple periods of virologic suppression for a single individual, increased the statistical power of the study. Examination of the effect of the magnitude of a virologic blip on the likelihood of subsequent virologic failure was also a strength of the study. Our study has several limitations. Data were not available on adherence to cART regimens. Although prior studies have yielded conflicting results as to whether or not incomplete adherence leads to blips [10, 20, 32, 35] , being able to control for adherence would have strengthened our study because blips due to a lapse in adherence may be less concerning than blips experienced while fully adherent. Geographic region was confounded with assay because all HIV-1 RNA tests were measured with the ultrasensitive Amplicor assay in British Columbia and with bDNA in Ontario and Quebec. Newer HIV-1 RNA assays such as the Roche TaqMan assay were not included in our analysis. Although such analyses would have been of interest to countries using this assay, many jurisdictions, including Ontario and Quebec, continue to use bDNA test methods. Finally, it should be emphasized that our study focused only on single blip episodes (but multiple periods of viral suppression). Thus, it is likely that the occurrence of repeated blip episodes within a single individual may portend an even higher hazard ratio of virologic failure.
It is likely that the clinical significance of virologic blips on virologic and clinical outcomes will continue to be a topic of interest to HIV-infected individuals and their treating physicians. The importance of virologic blips will need to be reviewed periodically as both the efficacy and ease-of-use of available antiretroviral regimens improve, as different methodologies for measuring HIV-1 RNA become available, and as HIV-1 RNA measurement becomes more common in resourcelimited settings.
Notes
